A large amount of arsenic waste solution which was dissolved in neutral aqueous media, was generated from the manufacturing process of gallium arsenide component in semiconductor industry. As for arsenic removal, an adsorbent was developed by radiation graft polymerization and subsequent chemical modification with N-methyl-D-glucamine (NMDG) as a functional group. Furthermore, the grafting and the modification were carried out using water based solvent instead of organic solvent in view of an environmental emission and a working environment. The solvents were comprised of water and surfactant, and the adsorption performances compared with a conventional method synthesized in 1,4-dioxane of organic solvent. An optimal degree of grafting (D.g.) was around 200% because the grafted adsorbent with highly D.g. was sustained physical damages. When arsenic adsorption amount was expressed as the amount of arsenic per 1 mol of NMDG groups, the amount of adsorptions for arsenic (III) and arsenic(V) at pH 6.5 were 3.2 times and 2.1 times higher than our previous fibrous adsorbent. From the pH dependency studies, the developed grafted adsorbent gave high removal ratio in a neutral media area for both arsenic species. Breakthrough capacities in the column mode tests for arsenic(III) and arsenic(V) were 0.3 and 18 mg/g at pH 6.5, respectively.
Introduction
Arsenic (As) is naturally occurring substance in the earth and very widely distributes in the environment more often as arsenic sulfide or metallic arsenate and arsenide. In recent years, gallium arsenide compound is mainly used for the semiconductor. In the manufacturing process of semiconductor gallium arsenide compound, a large amount of As waste is produced with a wafer production. The most common treatment for removing of As is a coagulation method 1) , however, since a large amounts of waste solid could be produced, a further treatment is necessary. By using adsorption method 2) such a polymeric adsorbent, the waste can reduce as much as possible, so it has been developed many adsorbents.
One of the way of this, there are adsorbents 3) utilizing radiation-induced graft polymerization 4, 5) , and zirconium supported-type adsorbent [6] [7] [8] has been developed as a material for capturing As. This adsorbent is capable of repeated use easily, and it has high adsorption performance in the acidic region. However, the real measured value of the pH of the gallium arsenide waste solution was 6 to 7, and adsorption performance of the previous adsorbent was low in the neutral range. Therefore, different adsorbent is demanded. On the other hand, the adsorbent introduced as a functional group of N-methyl-D-glucamine (NMDG) is also wellknown as As adsorbent 9) . In our previous research, the NMDG-type adsorbent, besides the ion-exchange resin, was developed by radiation-graft polymerization 10) . But it is difficult to use industrial application, because it is used 1,4-dioxane with flammable and toxic in the conventional synthesis process.
(xxx) So, we tried to develop a new As adsorbent with environmental friendly process by using water media with surfactant instead of 1,4-dioxane.
Experimental

Materials
A nonwoven fabric composed of polypropylene coated by polyethylene was used as a trunk polymer for making a NMDG adsorbent. The grafting of glycidyl methacrylate (GMA, Tokyo Kasei Kogyo Co., Ltd.) was applied to emulsion water method 11, 12) . The epoxy group introduced by grafting was converted to NMDG for As adsorption. Emulsified GMA solution for preparing by water and surfactant such Span20, sodium dodecyl sulfate (SDS), Tween20 (Tw20), Tween40, Tween60 and Tween80 purchased from Kanto Chemical Co., Ltd. Arsenic standard solution (Kanto Chemical Co., Ltd.) was used as a tervalent arsenic (As(III)), and di-sodium hydrogen arsenate heptahydrate (Kanto Chemical Co., Ltd.) was used as a pentavalent arsenic (As(V)). A nitric acid and ammonia solution were used for pH adjustment. To measure As concentration, inductively coupled plasma-atomic emission spectrometry (ICP-AES; SPECTRO Analytical Instruments GmbH.) was operated.
Preparation of NMDG Adsorbents 2.2.1 Graft Polymerization
Trunk nonwoven fabrics were cut into a certain size, and put into polyethylene bag for irradiation. An inside air in the bag was replaced with nitrogen. To prevent the deactivation of radicals, the irradiation was carried out under the dryice temperature, and irradiated by an electron beam with dose of 20 kGy operating at a voltage of 2 MeV and a current of 3 mA. After irradiation, irradiated nonwoven fabrics were put in a glass ampoule, and subsequently GMA monomer solutions listed in Table 1 were transferred to the ampoule. The GMA solutions were emulsified by mixing with a homogenizer, and then also deaerated. The graft reaction was carried out at 40 °C for 1 and 3 h. After graft polymerization, grafted materials were washed with methanol and dried in a vacuum oven. The degree of grafting (D.g.) was calculated from the weight difference before and after the grafting using the following equation;
where W 0 and W 1 are the weights of nonwoven fabrics before and after graft polymerization, respectively. 
Introduction of NMDG Group
In case of the industrialization, it was difficult to use 1,4-dioxane as a solvent from the viewpoint of safety for labor and PRTR (Pollutant Release and Transfer Register). Furthermore, although NMDG could dissolved in water, the reactivity was extremely low. Then, to establish the new modification process for introducing NMDG without using toxic organic solvent, an emulsified water solvent with surfactant was applied to synthesize As adsorbent. At first, to decide a suitable surfactant and its concentration, several surfactants were prepared for modification. The grafted materials were immersed in 10% NMDG emulsion solution at various compositions listed in Table 2 . In comparison, our previous fibrous adsorbent (Dioxad) 10) synthesized in 1,4-dioxane as an organic solvent was also evaluated. Both reactions were carried out at 80 °C for 3 and 5 h. After the reaction, the obtained adsorbents were rinsed with pure water, and dried at a vacuum oven. A density of NMDG group was calculated from the following equation;
where W 1 and W 2 are the weights of nonwoven fabric before and after the reaction, respectively, and 195 is the molecular weight of NMDG. The resultant adsorbents were evaluated by a batch adsorption test for both As(III) and As(V) removal of 10 ppm at pH 6.5 solution for 24 h using 40 mg adsorbent.
surfactant Concentration in the solvent
Ads-1 Span20 5%
Ads-2 SDS 2%
Ads-3 Tween20 5%
Ads-4 Tween40 5%
Ads-5 Tween60 5%
Ads-6 Tween80 5%
Batch and Column Adsorption Test
In order to evaluate the adsorption performance for As removal, batch and column adsorption tests were performed for each As(III) and As(V). In the batch test, 40 mg of adsorbent was dipped in 40 ml of 1 ppm solution for 2 h at 25 °C in the pH range from 2 to 11.
The adsorption of column mode test was investigated with As(III) and As(V) by a mixture and an individual, and conducted by pumping of each 1 ppm As solution at pH 6.5 in a space velocity (SV) of 100 h -1 into the column with an inner diameter of 7 mm in which stacked 7 sheets of NMDG adsorbent corresponding to 0.385 ml. And to normalize a flow rate, it was expressed as SV, which was represented by the flow rate (0.7 ml/min) of the solution and the filled adsorbent volume in the column, and it is defined by the following equation;
Vol The solution which was passed through the column was collected by a fraction collector, and the remaining As concentration was measured by ICP-AES.
The evaluation of the column mode test was figured up the breakthrough curves. The breakthrough point was defined as the bed volume (BV) of when C/C 0 was 0.05, where C 0 and C represent As concentrations in the feeding solution and in the column effluent, respectively. And the adsorption capacity of breakthrough time is called the breakthrough capacity. BV was calculated by the following equation,
Results and Discussion
NMDG Adsorbents
The grafting of GMA for introducing epoxy groups into trunk polymer proceeded monotonously with for grafting time, and the obtained GMA grafted fabrics have D.g. of 120%, 230% and 320%, summarized in Table 3 . Then, to introduce the NMDG group into the epoxy group, an emulsion solution which consist of water and surfactant was tested for the possibility of new synthesis processing. Fig. 1 shows the relationship between D.g. and the density of introduced NMDG group. Although the density of NMDG groups increased with D.g. value, the reactivity varied from the kinds of the surfactants. The D.g. of the more than 230% was satisfied the requirements for preparing adsorbents, however, the adsorbent of high D.g. had easily physical damages on the fiber surface. Fig. 2 shows the appearance of non-irradiated trunk fabric and NMDG adsorbents with D.g. 230% and 320% by scanning electron microscope (SEM: SEMEDX Type-N, Hitachi). The grafted fiber surface became thicker than the non-irradiated one. On the other hand, the cracks in fiber surface of D.g. 320% were appeared. Since the toughness is important with the view of using an adsorbent, the D.g. of 230% appropriated as an adsorbent, and used the following tests.
In order to decide the optimal condition which surfactant is more effective for modification reaction and/or adsorption performance, all resultant adsorbents were evaluated by batch adsorption test with 10 ppm of 40 ml As solutions. The results were shown in Fig. 3 . In each adsorbent, adsorption amounts of As(III) were about half for that of As(V). But, in both of As(III)
Reaction time 1h 3h
Solution-1 50% 120%
Solution-2 230% 320%
Fig. 2 Non-irradiated trunk fabric and NMDG adsorbents (SEM observation)
Non-irradiated trunk fabric NMDG adsorbent (D.g. 230%) NMDG adsorbent (D.g. 320%) and As(V), adsorption performance of new adsorbents had superior tendency to Diox-ad. Although the highest density of NMDG adsorbent was given by Span20, Tw20 (the obtained adsorbent was named Tw20-ad) showed the highest adsorption performance in the resultant adsorbents, and that adsorption ratio was 91.6% in As(V). When As adsorption amount was expressed as the amount of As per 1 mol of NMDG groups, as for As(III), Tw20-ad was 40.6 mmol, Span20 was 24.4 mmol, and Diox-ad was 12.8 mmol, respectively. In other words, the amount of adsorption of Tw20-ad was 1.7 times bigger than that of Span20 case, and was 3.2 times for Diox-ad case. On the other hand, as for As(V), Tw20-ad was 82.3 mmol, Span20 was 50.6 mmol, and Diox-ad was 40.2 mmol. Then, the amount of adsorption of Tw20-ad was 1.6 times bigger than that of Span20, and 2.1 times for Diox-ad, respectively. In adsorption process, the hydrophobicity of the adsorbent had an effect on these performances. In this case, the relation of water content and adsorptivities were shown in several adsorbents. However, it is necessary to find out the other reasons, since it was not enough evidence.
pH Dependency on As Adsorption
To know the effect of pH on As adsorption, Tw20-ad and Diox-ad were evaluated in 1 ppm solution for 2 h in the pH range from 2 to 11. The results of both As(III) and As(V) adsorption were shown in Fig. 4 , respectively. Though neither adsorbent adsorbed for As(III) in the acidic range less than pH 3, they showed high affinity in the neutral pH range from pH 5 to 10. The best adsorption performance for As(III) was appeared at pH 10. Comparing Tw20-ad and Diox-ad about the adsorption performance, Tw20-ad adsorbed 1.6-1.8 times as much as Dioxad in the neutral range. As for As(V) adsorption, both Tw20-ad and Diox-ad had similar tendency at pH range from 4 to 9.
Column Mode Test
At first, an As affinity was evaluated for As(III) and As(V). The mixed solution at pH 6.5 that the sum 1 ppm As(III) and 1 ppm As(V) was 2 ppm, was used for column mode test of Tw20 -ad, and shown in Fig. 5 . The breakthrough curve indicated two breakthrough points which were 50 and 3500. These two points were expected to correspond to the breakthrough point of each As(III) and As(V). Therefore, the individual As 1 ppm column 
mode tests were done subsequently. The result was shown in Fig. 6 . The breakthrough point of As(III) was 51 BV and breakthrough capacity was 0.3 mg-As/g-adsorbent at the flow rate of 100 h -1 in SV. The C/C 0 value exceeded 1 by the coexistence ions which were dissolved in standard solution, however the tendency for As adsorption performance of As(III) was obtained. On the other hand, breakthrough point of As(V) was 3695 BV, and breakthrough capacity was 18 mg-As/gadsorbent. When the C 0 concentration of As(III) adjusted to 1 ppm that mean C/C 0 range divided 2, the curve just fitted with the curve on Fig. 5 . Those obtained by combining into one was shown in Fig. 7 . From Fig. 7 , the breakthrough curves were similar to the shape with curves on Fig. 6 . From the above results, in the presence of As(III) and As(V), the result of supporting the hypothesis, which the first breakthrough point was As(III) and the second was As(V), was obtained.
Conclusion
Due to find out a suitable synthesis method for industrialization of fibrous grafted NMDG adsorbent, the reaction solvent was investigated. To evaluate the performances of resultant adsorbents, the As adsorption tests were carried out batch and column mode in comparison with the the 1,4-dioxane organic solvent reaction.
GMA was grafted on trunk nonwoven fabrics to convert NMDG into the epoxy group on GMA grafted fabric. D.g. monotonously increased with reaction time, and the optimal D.g. was determined to be 230%. The NMDG groups could be introduced into the epoxy group by using the emulsion solution consisting of water and surfactant instead of conventional 1,4-dioxane solution. The optimal surfactant was Tw20-ad, and the adsorption amount of As(III) and As(V) were 3.2 and 2.1 times bigger than Diox-ad. pH dependency of As batch adsorption test gave high affinity at pH range from 5 to 10 for As(III), and range from 4 to 9 for As(V). In the column mode test by a mixture with As(III) and As(V), the breakthrough curve indicated two breakthrough points which were 50 and 3500. Therefore, the obtained adsorbent exhibited the satisfied performances of As adsorption. Moreover, the developed synthesis method is expected to be applied to a waste water processing of As removal in the semiconductor industry. 
